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8QOHDVKLQJWKHSRWHQWLDORIFDUERQQDQRWXEHVIRUUHPRYLQJRLOIURPZDWHU7KHLU
GHSOR\PHQWLQSRUHFKDQQHOVRIFHUDPLFPHPEUDQH
;&KHQ/+RQJ
1DWLRQDO8QLYHUVLW\RI6LQJDSRUH6LQJDSRUH,QVWLWXWHRI0DWHULDOV5HVHDUFKDQG(QJLQHHULQJ
6LQJDSRUH
:DWHUSROOXWLRQKDVEHFRPHDPDMRUHQYLURQPHQWDOFRQFHUQGXH WR WKH WUHPHQGRXVJURZWK LQ
LQGXVWULDOL]DWLRQ DQG XUEDQL]DWLRQ ,W LV ZLGHO\ DQWLFLSDWHG WKDW WKH VHYHULW\ RI SUREOHP ZLOO
HVFDODWH LQWKHQH[WIHZGHFDGHVZLWKWKHSURMHFWHGH[SDQVLRQRIWKHZRUOGSRSXODWLRQ2QHRI
WKH PDMRU SROOXWDQWV LV RLOLQZDWHU HPXOVLRQ RZ HPXOVLRQ ZKRVH VRXUFHV LQFOXGH
SHWURFKHPLFDO LQGXVWU\SHWUROHXPUHILQHULHV WH[WLOH LQGXVWU\PHWDO LQGXVWU\ GRPHVWLFVHZDJH
DQGRLOVSLOO>@2LO\ZDWHUKDVDGYHUVHHIIHFWVDQGGLUHFRQVHTXHQFHVRQWKHHQYLURQPHQWDQG
KXPDQKHDOWKDQGKHQFHLWLVLPSRUWDQFHWRUHPRYHWKHPIURPWKHZDWHU6WULFWUHJXODWLRQVLQ
SODFHG E\ JRYHUQPHQW DJHQFLHV JOREDOO\ KDYH VHUYHG WR HPSKDVL]H WKH QHHG RI RLO\ ZDWHU
WUHDWPHQW

6HOHFWLRQRIDSHUWLQHQWSXULILFDWLRQWHFKQLTXHODUJHO\GHSHQGVRQWKHGURSOHWVL]HRIRLOLQZDWHU
RZ HPXOVLRQV 7UHDWPHQWV VXFK DV VHGLPHQWDWLRQ IORWDWLRQ DQG FHQWULIXJDWLRQ WUHDWPHQWV
ZRUNHIIHFWLYHO\ WRVWULSRIIRZHPXOVLRQSDUWLFOHVZLWKVL]HVJUHDWHU WKDQPVLQFH WKHVH
SDUWLFOHVDUHJHQHUDOO\ LPPLVFLEOHZLWKZDWHU+RZHYHUWKHFKDOOHQJHIRUUHPRYLQJWKHVPDOOHU
HPXOVLRQ SDUWLFOHV IURP ZDWHU LQFUHDVHV GUDPDWLFDOO\ ZLWK WKH GHFUHDVH LQ SDUWLFOH VL]HV
SDUWLFXODUO\IRUGHDOLQJZLWKWKRVHKDYLQJVL]HVEHORZQP7KHWHUP³GLVVROYHGRLO´LVXVHGWR
FODVVLI\ WKRVH WLQ\ HPXOVLILHG RLO WKDW KDYH SDUWLFOH VL]HV  QP DQG IRUP DQ RZ
PLFURHPXOVLRQ LH WKH\DUHFOHDUVWDEOH LVRWURSLF OLTXLGPL[WXUHVRIRLOZDWHUDQGVXUIDFWDQW
7KHGLIILFXOW\LVFRPSRXQGHGE\WKHGHIRUPDEOHQDWXUHRIRLOGURSOHWVZKLFKUHQGHUVWKHXVHRI
VL]H H[FOXVLRQ WHFKQLTXH LQHIIHFWLYH +HQFH WKH FXUUHQW PHPEUDQH WHFKQRORJ\ FDQQRW
HIIHFWLYHO\ HOLPLQDWH WKHVH VPDOOHU RLO SDUWLFOHV 0DNLQJ WKH PHPEUDQH SRUH VL]H VPDOOHU ZLOO
XOWLPDWHO\ UHVXOW LQ WKH EORFNDJH RI WKH SRUHV2Q WKH RWKHU KDQG ELRORJLFDO GHJUDGDWLRQ DQG
DFWLYDWHGFDUERQDGVRUSWLRQDUHQRWVL]HH[FOXVLRQ WHFKQLTXHVZKLFKDUH LQJHQHUDOHLWKHU WRR
FRVWO\RULQHIILFLHQWWRWDFNOHWLQ\RLOGURSOHWV

$VVLPLODWLRQRIDGVRUSWLRQVLWHV LQWRVL]HH[FOXVLRQPHPEUDQHFKDQQHOVZRXOGEHDQHIIHFWLYH
ZD\ WR WUHDW GLOXWH RZ HPXOVLRQV +HQFH ZH SURSRVHG WKH LGHD RI LPSODQWLQJ FDUERQ QDQR
WXEHV &17V LQ WKH SRUH FKDQQHOV RI D FHUDPLFPHPEUDQH WR IRUP QDQRJULGV IRU FDSWXULQJ
VPDOOHU RLO SDUWLFOHV  QP )LJ  )XQGDPHQWDOO\ &17V HQGRZ K\GURSKRELF DIILQLW\
WKURXJKWKH&+πLQWHUDFWLRQV>@DQGDUHDGHTXDWHDGVRUSWLRQVLWHVIRURLOPROHFXOHVLQZDWHU
0RUHRYHU&17SRVVHVVHVVWRXWWHQVLOHVWUHQJWKDQG<RXQJ¶VPRGXOXVWKDWDUHWLPHVDQG
 WLPHV JUHDWHU WKDQ VWDLQOHVV VWHHO UHVSHFWLYHO\ 7KLV SHUPLWV &17V WR ZLWKVWDQG YLJRURXV
VKHDU IORZ GXULQJ ILOWUDWLRQ +HQFH WKH LQWHJUDWLRQ RI &17V ZLWK SRURXV FHUDPLFPHPEUDQHV
ZRXOGH[SORUHDQLFKHDSSOLFDWLRQRI&17V
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
)LJXUH6FKHPDWLFLOOXVWUDWLRQRIWKHRLOFDSWXUHPHFKDQLVPE\&17JULGVWKHSRUHFKDQQHOVRI
WKHSRURXVFHUDPLFPHPEUDQH

,QWKLVZRUN&17JULGVIRUPHGE\HQWDQJOLQJFDUERQQDQRWXEHV&17VZHUHLPSODQWHGLQWRWKH
SRUH FKDQQHOV RI D KLHUDUFKLFDO SRURXV FHUDPLF PHPEUDQH WKURXJK FKHPLFDO YDSRU
GHFRPSRVLWLRQ RI PHWKDQH LQVLGH WKH SRUHV 7KHVH &17V ZHUH JURZQ WKURXJK WKH FDWDO\WLF
FUDFNLQJRIPHWKDQHE\ WKHQLFNHOQDQRGRPDLQVVSUHDGRYHU WKH SRUHFKDQQHOV7KHSRURXV
FHUDPLF ZDV SUHSDUHG E\ WKH LQVLWX SRUHIRUPLQJ DSSURDFK>@ ZKLFK WUDQVPLWWHG WKH WZR
JURXSVRISRUHVLQZLGWKVSUHYDLOLQJLQWKHUHVXOWDQWSRURXVFHUDPLFPHPEUDQH7KHODUJHUSRUH
JURXS DOORZHG RQO\ RLO SDUWLFOHV VPDOOHU WKDQ P DQG WKH GLVVROYHG RLO WR HQWHU WKH SRUH
FKDQQHOV RI WKH FHUDPLF PHPEUDQH 7KLV VL]HH[FOXVLRQ IHDWXUH HQVXUHG WKDW WKH SULPDU\
IXQFWLRQDOLW\RI WKH LPSOHPHQWHG&17JULGV LV WREORFNWKHWLQ\HPXOVLRQSDUWLFOHV$PD[LPXP
ORDGLQJ RI QLFNHO FDWDO\VW SDUWLFOHV ZDV GHWHUPLQHG DQG WZR VSHFLILF PHWKDQHFUDFNLQJ
WHPSHUDWXUH UDQJHV ZHUH REWDLQHG WR LPSODQW &17V LQ WKH SRUH FKDQQHOV RI WKH <6=
PHPEUDQHV ZLWKRXW DQ\ GHIHFW 2I WKH WZR LGHQWLILHG WHPSHUDWXUH UDQJHV IRU WKH JURZWK RI
&17VRQO\DWWHPSHUDWXUHFORVHWR&FRXOGWKHSURWUXGLQJ&17JULGVEHKDUYHVWHG


)LJXUH9LVXDOLQVSHFWLRQRIWKHTXDOLW\RIWKHZDWHUDIWHUILOWUDWLRQSURFHVVE\WKH&17FHUDPLF
PHPEUDQH7KHWLPHFRUUHVSRQGVWRWKHWLPHSDVVHGDIWHUVWDUWRIWKHILOWUDWLRQ

8VLQJ D VXUURJDWH IHHG FRQWDLQLQJ YHU\ GLOXWH RLOEDVHG G\H DQG HPXOVLILHU LQ ZDWHU ILOWUDWLRQ
UHVXOWVVKRZHG WKDW WKHSUHVHQFHRI&17JULGVJUHDWO\ LPSURYHV WKH UHPRYDORI WLQ\HPXOVLRQ
SDUWLFOHVIURPZDWHULQFRQWUDVWWRRQO\<6=SRUHFKDQQHOVDORQH7KH<6=PHPEUDQHZLWK&17
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JULGV GLVSOD\HG  UHMHFWLRQ UDWH WR HPXOVLRQ SDUWLFOHV DQG UHWDLQHG D SHUPHDWLRQ IOX[ RI
/PPLQZLWKDSUHVVXUHGURSRIDWPRYHUGD\VRIRSHUDWLRQ7KLVSHUIRUPDQFHZDV
VXVWDLQHG E\ WKH IRUPDWLRQ RI OLSRSKLOLF VRIW OD\HUV RQ&17 JULGV ZKLFK KDV EHHQ SURYHQ E\
PLFURVFRSLFVHFXULWL]DWLRQ7KHOLSRSKLOLFVRIWOD\HUVIXQFWLRQDVDOLSRUHMHFWLRQEDUULHUH[KLELWLQJ
ERWKDGVRUSWLRQDQGVWHULF UHSXOVLRQPHFKDQLVPV MRLQWO\7KH ODWHUEHFDPHSUHYDLOHGDIWHU WKH
VHSDUDWLRQ UHDFKHG WKH VWHDG\ VWDWH ZKHUH ERWK UHMHFWLRQ DQG IOX[ XQGHUZHQW QHJOLJLEOH
FKDQJLQJ7KHVHSDUDWLRQ WHVWDOVR IRXQGGHVRUSWLRQRIRLOPROHFXOHV IURPWKH OLSROD\HUZKHQ
WKH OD\HUEHFDPH WKLFNHQRXJK ,W LVQRWHZRUWK\ WKDW WKHZLGWKVRIFHUDPLFSRUHFKDQQHOVDUH
DOVR FULWLFDO WR WKH UROHV &17V )LQDOO\ WKH VSHQW PHPEUDQH FDQ EH UHJHQHUDWHG WKURXJK
VROYRWKHUPDOWUHDWPHQWLQDQDSURWLFSRODURUJDQLFVROYHQW,QVXPPDU\WKHV\QHUJ\RIWKHVL]H
H[FOXVLRQ DQG &71VVXVWDLQHG K\GURSKRELF DGVRUSWLRQ PDQLIHVW DQ HIIHFWLYH DQG SUDFWLFDO
VROXWLRQIRUSXULILFDWLRQRIVXEVWDQWLDOO\GLOXWHGDQGVWDEOHRZHPXOVLRQV

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